Identifying the sources of variation in plant susceptibility to herbivore and pathogen attack is critical to understand ecological processes determining species abundance and diversity in tropical forests. We assessed the potential effect of tiller height and phenology on standing levels of herbivore and pathogen damage on adults of the woody perennial grass Lasiacis ruscifolia in the tropical dry forest of Chamela, Mexico. Analyses revealed that adult susceptibility to pathogens was greater in small and fruiting tillers than in taller and leaf flushing tillers. Adult susceptibility to herbivores, on the other hand, varied greatly among plants and had no relationship with tiller height and phenology. Our findings suggest that adults highly susceptible to pathogen attack could augment the negative density and distance dependence effects predicted by the Janzen-Connell hypothesis, with potential consequences for the local distribution of the studied species in the forest.
Introduction
Spatial variation in plant susceptibility to herbivore and pathogen attack is the basis for one of the most accepted mechanisms determining plant species coexistence in tropical forests [1] [2] [3] . This mechanism, widely known as JanzenConnell hypothesis [4, 5] , postulates that host-specific herbivores and pathogens reduce recruitment near conspecific adults or where conspecific seed density is high, leaving space free for the establishment of other plant species. Biotic damage occurs more often during early ontogenetic stages (e.g., seed and seedling stages), commonly resulting in host debilitation and/or death. Resistance usually increases with ontogeny [6, 7] , but adults keep being attacked by a similar pool of specialized enemies. In this sense, highly susceptible adults may represent unsuitable ("unsafe") sites for nearby seed germination and seedling recruitment and thereby augment the distance and density effects predicted by the Janzen-Connell hypothesis. Alternatively, adults with low susceptibility may function as "safe" sites for earlier ontogenetic stages recruiting nearby, reducing the negative effects of density and distance dependence.
Despite the importance of adults as potential reservoirs of host-specific pests and diseases, there is still little information about their susceptibility to herbivore and pathogen attack in tropical forests. In the presence of these natural enemies, variation in adult susceptibility may arise from phenotypic differences among individuals caused by genetic or environmental factors. Differences in plant size and phenology, for instance, are expected to generate variation in the nutritive value of plant tissues as well as in plant ability to resist or tolerate the damage after herbivore/pathogen recognition [8] [9] [10] [11] [12] [13] . The main reason for this variation in host quality and defensive levels is the physiological tradeoff between growth and reproduction [14] , which may constrain resources for defense and result in a mosaic of host susceptibility [15] according to their phenotypic characteristics. Given the high environmental heterogeneity of tropical dry forests [16] , a high spatial variation in plant size and phenology (a complex mosaic) is expected for a given species occupying different microhabitats of the forest. This variation, in turn, is expected to be translated into a gradient of adult susceptibility to herbivore and pathogen attack, with potential consequences for pest and disease incidence on surrounding conspecifics. In this study we sampled adult individuals of the Neotropical perennial woody grass Lasiacis ruscifolia (Poaceae) in a Mexican tropical dry forest to assess two major questions. How large is the local spatial variation in tiller height and phenological stage in this species? Does a correlation exist between these life-history traits and the standing levels of foliar damage caused by herbivores and pathogens? We selected Lasiacis ruscifolia as study system because (1) it occupies a variety of microhabitats in the study area (e.g., forest understory, canopy gaps, different soils); (2) it is easily identifiable at any phenological stage; (3) there is published information on the herbivores and pathogens attacking its leaves; finally (4) it occurs in many ecosystems throughout the Neotropics, so it could be useful in future comparative studies.
Methods

Study Site.
We conducted this study in the ChamelaCuixmala Biosphere Reserve, Pacific coast of Jalisco, Mexico. The reserve covers an area of about 13,000 ha distributed between 0-500 m asl. Average annual precipitation is 748 mm, with a rainy season from June to October. The reserve is dominated by tropical deciduous forest, with patches of tropical riparian forest along the streams [17] . A detailed description of the flora, fauna, soil, and climate can be found in Noguera et al. [18] , including information on insect herbivore diversity and seasonality. There is very scarce information on plant pathogens of Chamela. The available information indicates that around 35% of 294 plant species surveyed in the region are attacked by leaf fungal pathogens and that the huge majority of the attacked species (92%) present leaf spots, whereas only 8% are infected by rusts [19] . There is no information on temporal variation of pathogen attack.
Studied Species. The grass Lasiacis ruscifolia (H.B.K.)
Hitchc. var ruscifolia (Poaceae) occurs throughout the Neotropics in elevations lesser than 1000 m [20, 21] . It is common in dry deciduous forests, coastal thickets, and gallery forests, but it also occurs along wet forest margins and shrub communities [20] . In Chamela it is very common and easily distinguished from the other 56 native species of Poaceae [22] . Its woody culms are scandent, 1-8 m long and 5-12 mm in diameter [21] . The woodiness is not due to secondary growth, but to a large amount of lignified primary tissue [20] . The tiller, which includes the culm and its associated leaves, is perennial and can take two years to reach maturity [20] . Leaf blades are 4-16 cm long and 1-5 cm wide, with surface glabrous to hispid and margin scabrous [21] . New leaves unfurl in few days and leaf lifespan is expected to be greater than a year. Leaf epidermis contains several structures that can act as defense against natural enemies, such as silica cells, microhairs, prickle hair, and macrohairs [20] . The species is anemophilous, self-compatible, and its major mode of pollination under natural conditions is selfpollination [20] . Larvae of Vettius fantasos, V. diversa maeon, V. coryna conka, and V. aurelius (Lepidoptera: Hesperiinae) are known to feed on their leaves ( [23] and references therein), but they are also attacked by larvae of Manataria maculata (Lepidoptera: Satyrinae), which feeds on other species of the genus Lasiacis as well [24] . The rust fungi Uromyces leptodermus and Phakopsora lenticularis infect their leaves [25, 26] , but they are also prone to be infected by other rusts (Uromyces costaricensis and Puccinia lasiacidis) [26] .
Data Collection.
To assess the relationship between adult phenotype and susceptibility to foliar attack we arbitrarily selected 15 small clumps of the species at the beginning of the dry season (November 2008). At this moment, most of the herbivore populations decline and conditions for fungal infection may be not the best (see [18, 27] ), but the damage they caused during the previous seasons (rainy and dry) is accumulated in the foliage. Clumps were at least 50 m apart from each other and presented between 4 and 11 tillers (mean = 7). We randomly chose three tillers per clump, measured them in height, and took note on their phenological stage (i.e., flushing new leaves, flowering, or fruiting). Then we collected 20 mature leaves (10 at the base and 10 at the apex of the tiller) to estimate the levels of biotic damage. We used a 7-megapixel digital camera and a blue background panel to photograph all collected leaves (N = 900). Photographs were processed in the image analysis software ASSESS [28] to quantify the incidence (i.e., presence/absence of leaf damage) and severity (i.e., percentage of leaf area removed/infected) of biotic damage. These two measures were used to evaluate the levels of susceptibility.
Statistical Analyses.
To test for the effect of tiller height and phenology on the incidence and severity of foliar damage we used generalized linear mixed models (GLMMs). Host height, phenology, and their interaction were set as fixed effects, and the individual plant (plant 1 to 15) was set as random effect to account for tiller dependence in the same clump. Dependent variables, that is, proportion of leaves attacked and mean percentage of leaf area damaged, were arcsine-square-root transformed prior to analyses. We ran GLMMs in JMP 7 (SAS Institute Inc.) using the restricted maximum likelihood method to separate the variance of fixed effects from that of random effects. No F value and its associated P value and degrees of freedom are calculated for the random effect; the percentage of the error variance attributed to it is calculated instead. All-pairs Tukey-Kramer HSD method was used a posteriori to compare means among the levels of the host phenology effect. We present untransformed data in figures to facilitate comprehension.
Results
Tillers varied from 1.0 to 5.5 m in height and showed reproductive structures (flowers or fruits) over all this range, confirming that the tillers we sampled were adults. Tillers greatly varied in their phenological stage, including those within the same individual, indicating high asynchrony in phenological events. Precisely, seventeen of the 45 tillers were flushing new leaves, 9 were in flower, 16 were in fruit, 1 presented flowers and fruits, and 2 had no flowers or fruits. The two latter phenological stages were excluded from the GLMMs due to lack of replicates, totaling 42 tillers analyzed. All the 45 tillers sampled presented herbivore damage, but 10 (22%) escaped from fungal attack. In general, tillers had about half of their leaves attacked by herbivores (frequency of 0.52 ± 0.03; mean ± SE) and a sixth of their leaves attacked by leaf pathogens (0.15 ± 0.02). Severity of biotic damage was low (on average <5% of leaf area), but the percentage of leaf area damaged by herbivores was three times higher than that damaged by pathogens (3.4 ± 0.4% versus 1.4 ± 0.3%). Herbivore attack did not vary significantly with tiller height, phenology, and their interaction (Table 1; Figure 1 ). Instead, it greatly varied from plant to plant as indicated by the high percentage of error variance attributed to the random factor "plant" (16-51%, Table 1 ). Pathogen attack, on the other hand, varied significantly with tiller height and phenology, except for the effect of height on disease incidence (P = .087, Table 1 ). In general, smaller and fruiting tillers presented greater levels of pathogen attack than taller and leaf flushing tillers (Figure 2 ). The random effect "plant" had a negligible effect on pathogen attack, explaining lesser than 2.5% of the error variance (Table 1) .
Discussion
The study of plant susceptibility to biotic damage has long been an exciting topic in tropical biology (e.g., [4, 5, [29] [30] [31] [32] [33] [34] ). After the formal presentation of the Janzen-Connell hypothesis in the earlier 70s, an extensive number of studies have examined their assumptions and predictions in a variety of species and tropical ecosystems (reviewed by Wright [3] ). Most of the empirical evidence accumulated so far does indicate that host-specific herbivores and pathogens help to maintain the high local diversity of plant species in hyperdiverse biological communities (e.g., [1, 35] ). Nevertheless, some important questions remain unanswered, and one of them refers to the role of adult susceptibility to pests and diseases in augmenting or reducing the negative effects of distance and density dependence on new conspecific recruits.
Our analyses revealed a great spatial variation among Lasiacis ruscifolia adults in terms of plant size and phenology. This variation in phenotype had a weak effect on susceptibility to herbivores, but a clear effect on susceptibility to pathogens. Although the relationships between phenotype and level of susceptibility we found are not proof of causality, our findings suggest that smaller and fruiting tillers may represent "unsafe" sites for the recruitment of conspecifics in terms of pathogen attack, as pathogen susceptibility correlated negatively with tiller height and was greater at the end of the reproductive cycle [36] [37] [38] [39] . These relationships were consistent among plants, which increases predictability of pathogen attack if plants with similar phenotype are spatially clustered. Further evidence of reduced recruitment near clumps of smaller and fruiting tillers is needed to validate the additive effect of susceptible adults to the negative consequences of density and distance dependence postulated by the Janzen-Connell hypothesis.
The weak effect of host height and phenology on susceptibility to herbivore can be explained by the high variation in herbivore attack observed across plants with similar phenotypic characteristics. This high variation may be caused by numerous biological and physical processes that operate at the scale of the host plant or the entire community. For instance, at the plant scale, it is likely that the physiological tradeoff between host growth and reproduction does not compromise the levels of antiherbivore defenses. This possibility is supported by the fact that silica, the main substance involved in grass defense against herbivores [40] [41] [42] , can be passively deposited in plant tissues without reducing photosynthetic activity ( [43] and references therein, [44] ); reductions occur only when silica concentration is exceptionally high (e.g., >25% of leaf dry mass, [43] ). At the community level, the high variation in herbivore attack among plants may be associated with differences in the availability of alternative host plants to Lasiacis herbivores, presence of predators and parasitoids, and suitable microclimatic conditions for herbivore growth and reproduction. Nevertheless, whatever the source of the variation among plants, our results suggest that "safe" or "unsafe" sites for herbivores cannot be predicted by tiller height and phenology.
To summarize, our results suggest that adult susceptibility to pathogens on Lasiacis ruscifolia can be predicted by host height and phenology, with potential effects for the recruitment of conspecifics. Namely, small and fruiting tillers could maximize the negative effects of density and distance dependence in terms of pathogen attack. Adult susceptibility to herbivore damage, on the other hand, cannot be predicted by host height and phenology. Further studies manipulating seed/seedling density near clumps of tillers differing in height and phenology would be useful to produce a more comprehensive picture on how adult susceptibility to biotic damage influences the establishment of new individuals in natural conditions.
